We performed a first-prinicples study of the structural, vibrational, electronic and magnetic properties of NaMnF3 under applied isotropic pressure. We found that NaMnF3 undergoes a reconstructive phase transition at 8 GPa from the P nma distorted perovskite structure toward the Cmcm post-perovskite structure. This is confirmed by a sudden change of the Mn-F-Mn bondings where the crystal goes from corner shared octahedra in the P nma phase to edge shared octahedra in the Cmcm phase. The magnetic ordering also changes from a G-type antiferromagnetic ordering in the P nma phase to a C-type antiferromagnetic ordering in the Cmcm phase. Interestingly, we found that the high-spin d-orbital filling is kept at the phase transition which has never been observed in the known magnetic post-perovskite structures. We also found a highly non-collinear magnetic ordering in the Cmcm post-perovskite phase that drives a large ferromagnetic canting of the spins. We discuss the validity of these results with respect to the U and J parameter of the GGA+U exchange correlation functional used in our study and conclude that large spin canting is a promising property of the post-perovskite fluoride compounds. 
A. Introduction
Perovskite materials with stoichiometry ABX 3 are well known in material sciences due to their numerous properties of high interest for technological applications. These properties are very diverse such as ferroelectricity, 1 ferromagnetism 2 , piezoelectricity 3 , pyroelectricity 4 or superconductivity. 5 Going further, recent researches focused on the achievement of multifunctionalities in a single material that would open the door to new types of applications such as computer memories or spintronic.
6,7
One of the main features of these compounds is that their properties can be conveniently tuned by external control parameters such as electric and magnetic fields, temperature, strain or pressure. 8, 9 Hydrostatic pressure appeared to be an interesting external parameter for the understanding of the perovskite physics since they exhibit profuse structural, electronic and magnetic phase transitions. 10 A particularly appealing pressure phase transition is the perovskite to post-perovskite (pP v) phase transition that has been observed in MgSiO 3 crystal in 2004 . 11, 12 The discovery of this pP v phase transition had important consequences in the physics of the earth mantle where MgSiO 3 is abundant and is under very high pressure conditions. 11, 12 The pP v transition has then attracted great interests and has been observed in other oxide and fluoride perovskites such as MgGeO 3 13 , CaSnO 3 14 , NaMgF 3 15 or NaCoF 3
16,17
(see Table I ). Interestingly, the fluoroperovskite crystals have a lower pressure and temperature pP v phase transition than the oxides and thus making them attractive for the study of the pP v phase. Furthermore, it has been reported the possibility to keep the pP v phase at atmospheric pressure when releasing the pressure in fluroroperovskites 18 while all the oxides return to their P nma distorted perovskite ground state. 16 Besides the interest for the pP v transition in earth mantle studies, it has been recently highlighted the existence of a ferroelectric instability in the cubic phase of ABF 3 perovskites that originates from a geometric effect rather than a dynamical charge transfer as it the case in oxides. 19 It has also been shown the possibility to induce a ferroelectric polarization in NaMnF 3 when applying an epitaxial constraint which leads to new possibilities to make multiferroic materials within the family of fluoroperovskites. The study of the fluoroperovskites under pressure is then of high interest to scrutinize the reasons and origins of their unique properties and their potential multiferroic character.
In this paper, we propose to study from first-principles calculations the structural, electronic and magnetic properties of NaMnF 3 as function of applied hydrostatic pressure. The results are presented as follows. We first determine the structural ground state structures over a wide range of pressure conditions and we predict a transition from the P nma ground state to a pP v phase that has not been explored experimentally. We analyse the pP v phase transition through a vibrational characterization (phonons) and a structural study. We then focus on the analysis of the magnetic behaviour with a special interest in the non-collinear magnetic ground states allowed in the pP v. We found a high-spin ground state associated with a large ferromagnetic canting that has not been reported in any of the previous pP v transition observed in other compounds. The validity of the results are discussed with respect to the values of the DFT+U U and J parameters. Total energy calculations were performed with the Vienna Ab-initio Simulation Package (VASP) 31, 32 and within the projected augmented wave (PAW) method to describe the valence and core electrons. 33 The electronic configurations taken into account in the PAW pseudopotentials are as follows: seven valence electrons for Na (2p 6 3s 1 ), thirteen for Mn (3p 6 4s 2 3d 5 ) and seven for F (2s 2 2p 5 ). We used the Generalized Gradient Approximation (GGA) exchange correlation functional within its PBEsol variant 34 and we corrected it to increase the d -electron localization by means of the DFT+U approximation, with U = 4.0 eV and J = 0 of the Liechtenstein formalism 35 . Due to the magnetic character of NaMnF 3 , the spin degree of freedom have been included in the calculations. Non-collinear magnetism calculations have been carried out by including the spin-orbit coupling as implemented in VASP by Hobbs et. al. 36 . Different values of the U and J parameters were systematically varied to study the influence of these parameters on the results. The reciprocal space has been discretized by a Monkhorst-Pack k -point mesh of (6×4×6) and the plane wave expansion has been limited by an energy cut-off of 800 eV. These convergence parameters were necessary in order to have a resolution on the force of less than 1×10 −4 eV/Å and a resolution on the energy of 0.01 meV. Analysis of the optimal structure as a function of pressure was carried out according to the third-order Birch-Murnaghan equation of state (BM-EOS) 37 by fitting the total energy dependence of the primitive cell volume per molecule. Vibrational properties were computed through the formalism of density functional perturbation theory (DFPT) 38, 39 as implemented in VASP and postprocessed with the Phonopy code 40 .
C. Structural and vibrational properties of the P nma phase of NaMnF3
At room temperature and atmospheric pressure, the sodium manganese fluoride compound NaMnF 3 crystallizes in the Pnma structure (space group number 62) which is composed by tilted Mn-F 6 octahedra along the three cubic directions and antipolar motions of the Na cations 41 . This is the result of the condensation of zoneboundary antiferrodistortive (AFD) unstable modes observed in the cubic reference structure phonon-dispersion curves 19 . By performing the structural relaxation of the atomic positions and of the cell parameters of NaMnF 3 in the P nma phase, we obtain the lattice parameters a = 5.750 Å, b = 8.007 Å and c = 5.547 Å. This corresponds to a difference of 0.2% with respect to the experimental measurements reported by Daniel et. al. 41 . In Tables II and III we report the calculated silent, Raman and infra-red (IR) phonon modes as well as the mode Grüneisen parameters (γ i ) of the relaxed P nma ground state. The irreducible representation of the P nma perovskite phase is Γ =8A u ⊕ 10B 1u ⊕ 8B 2u ⊕ 10B 3u ⊕ 7A g ⊕ 5B 1g ⊕ 7B 2g ⊕ 5B 3g . Both the Raman (A g , B 1g , B 2g and B 3g labels) and IR modes (B 1u , B 2u and B 3u labels) are in good agreement with the available experimental reports 41, 42 . We note that a very soft polar B 2u mode is present with a frequency of 18 cm −1 . This indicates that the P nma phase is close to a ferroelectric phase transition and this mode is responsible for the epitaxial strain induced ferroelectricity of NaMnF 3 reported by A. C. Garcia-Castro et al. 19 From the Grüneisen parameters reported in Table III , we observe that two phonon modes are particularly sensitive to a change in volume: the soft B 2u mode at 18 cm −1 with γ = 7.957 and the A g mode at 79 cm −1 with γ = 4.844 such as they can be easily detected from Raman experiments. Two phonon modes have negative γ and correspond to the modes that become soft as the volume decreases, which indicates that probably these two phonon modes are close to a nearest neighbour force instability.
Regarding the magnetic ordering, the total energy differences between the ferromagnetic (FM), C-and A-type antiferromagnetic (AFM) with respect to G-type AFM ordering in the P nma structure are respectively 79.03, 54.08 and 24.18 meV. The lowest energy is thus given by the G-type AFM ordering, in agreement with the experimental measurements that establish a G-type AFM ordering for the P nma phase of NaMnF 3 .
43 All of that confirms that our choice of parameters for the DFT calculations (GGA PBEsol and U = 4.0 eV) of NaMnF 3 gives good results when comparing to the experimental measurements. In this section we study the pressure phase transitions of NaMnF 3 . In order to identify the enthalpy ground state under hydrostatic pressure, we fitted the total energy versus the volume through the BirchMurnaghan equation of state (BM-EOS) 37 for the following common structures found in perovskites: Cmcm (pP v phase), I2/m, I4/mcm, P 4/mbm, P 2 1 /c, P 2 1 /m, P 6 3 cm, P 6 3 /mmc, P1, P m3m, and P nma. For all of them, the G-type AFM magnetic ordering was considered in our calculations. In Fig.1a we report the total energy values per atom as a function of the volume change with respect to the equilibrium volume. As we would expect, the Pnma and Cmcm-pP v structures exhibit the lowest energy values at low volumes. In order to identify the lowest energy phase, we report the enthalpy (H), as obtained from the equation of state, versus the pressure in Fig.1b . Going from the lowest to the highest pressure, we found the following low enthalpy phases. Between -10 GPa and -8.9 GPa the hexagonal P 6 3 /mmc phase is the most stable structure. Between -8.9 GPa and -6.5 GPa we found the P 2 1 /c structure to be the most stable. Then between -6.5 GPa and 8.0 GPa the orthorhombic Pnma structure is the ground state and thus passing through the atmospheric pressure as expected from the experimental results. At higher pressures (above 8 GPa, up to 35 GPa) the orthorhombic Cmcm pP v structure is the lowest energy phase. Then, we found that NaMnF 3 presents a phase transition at relatively low pressure (8 GPa) from the Pnma perovskite phase to the Cmcm pP v phase.
In Fig.2a we represent a schematic view of the P nma and the pP v phases. It is clear that the structural transition between the P nma and the pP v phase is reconstructive since a breaking of Mn-F-Mn bonds is needed to connect the two structures. This corresponds to a transition between corner-shared octahedra in the P nma phase to edge-shared octahedra in the pP v phase. The pP v phase can be viewed as layers of edge-shared octahedra separated by layers of Na cations along the y-direction. In Fig.2b we report the calculated X-ray diffraction patterns (XRD) for the P nma and the post-perovskite Cmcm phases with a Cu-Kα = 1.5418 Å X-ray wavelength. The XRD pattern of the room temperature P nma is in good agreement with the experimental reports shown as a triangles in the Fig.2b . 41, 42, 44 No experimental data exists for the pP v phase of NaMnF 3 but the calculated XRD pattern fit the pP v symmetry found in other compounds such as MgGeO 3 .
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An interesting parameter to be analysed in the P nma to pP v phase transition is the dependence of the octahedral tilting angle of the Pnma structure as a function of pressure. O'Keeffe et. al. reported that the transition from the P nma to the pP v structure takes place when the octahedra tilting angles reach 25
• . 45 This condition is reached when the atmospheric pressure tilting angle of the P nma phase is above 15
• . 12, 45, 46 For this purpose, we computed the pressure dependence of the octahedra titling angle φ of the Pnma structure following to the relationship deduced by O'Keeffe et. al. 45 such as φ = cos −1 ( √ 2c 2 /ab) with a, b and c are the cell parameters. We report our results as a function of pressure for NaMnF 3 and the experimental data for NaM F 3 compounds with M = Zn, Ni, Co, Mg, and Mn in Fig.2c . The experimental results for M = Zn, Ni, Co and Mg are taken from Yusa et. al. 16 . Experimental data for lattice parameters used in the calculation of φ were extracted from the report of Katrusiak et. al. 47 As it can be appreciated, all the experimental measurements follow the tilting criterion proposed by O'Keeffe, i.e. a pP v phase transition at φ =25
• . The experimental results for NaMnF 3 (filled squares) are in good agreement with our calculations (open squares) up to 5.6 GPa (maximum pressure explored experimentally). Our calculations predict that the tilt angle reaches 25
• at 8 GPa, where the transition should occur according to the O'Keeffe rule which is indeed in agreement with our BM-EOS prediction of 8 GPa as critical pressure. 16 . All of these compounds present the transition from the Pnma to the Cmcm structures at a tilting angle close to 25
• . Experimental results for NaMnF3 at low pressure were taken from Katrusiak et. al. 47 Full agreement between experimental (filled squares) and our theoretical calculations (empty squares) can be appreciated.
Our theoretical findings for the transition between the P nma and the Cmcm pP v phase do not follow the recent experimental report of Akaogi et. al. 44 . In their pressure measurements at high temperature (T = 1273 K), Akaogi et. al. do not observe a transition from the P nma to the pP v structure up to 24 GPa but found, instead, a MnF 2 + Na 3 Mn 2 F 7 phase decomposition around 8 GPa. We note that Katrusiak et al. also report a transition from the P nma to the cubic phase P m3m at T c = 970 K and ambient pressure 47 
• to observe the P nma to pP v phase transition under pressure such as our calculation are still valid at low temperature. Following the experimental results and in order to understand the decomposition phases, we performed calculations for Na 3 Mn 2 F 7 and MnF 2 compounds. The first stoichiometry is the one of the Ruddlesen-Popper (RP) phases 48 with A n−1 A' 2 B n X 3n+1 formula, which in our particular case corresponds to n = 2 and A = A = Na, B = Mn and X = F. To our knowledge, there is no previous report of the sodium-manganese based compound in the RP phase. Therefore, all reported phases for similar compounds (oxides 48 and fluorides 49 ) were tested and the energy minimum per structure was analysed. Nevertheless, none of our simulated XRD patterns of the considered RP phases match the one reported by Akaogi et. al. 44 , while for the MnF 2 compound, we obtain a good agreement with the experiments. 44 We are thus confident about our predicted phase transition from the perovskite toward the pP v phase of NaMnF 3 at relatively low pressure (8 GPa) and more experimental measurements would be required in order to clarify the pressure phase transition that takes place in NaMnF 3 at lower (room) temperature.
We now focus on the vibrational characterization of the pP v phase at 8 GPa. In Table IV we report the computed phonon mode frequencies and the mode Grünisen parameter (γ i ) in the Cmcm pP v structure with the lattice parameters relaxed at 8 GPa (also reported in Table  I ). The irreducible representation at the Γ zone center point is:
Two silent modes (A u label), sixteen IR active modes (B 1u , B 2u and B 3u ) and twelve Raman active modes (B 1g , B 2g and B 3g ) are thus expected. As we can see in Table IV , all the calculated modes at the Γ point of the BZ are positive, indicating a vibrational local stability of the pP v phase at 8GPa. The lowest frequency mode is a silent mode A u at 62 cm −1 and the lowest polar mode is a B 1u mode with a frequency of 90 cm −1 . The obtained Grúneisen parameters are smaller than the one obtained in the P nma ground state structure, which can be explained from an interatomic force stiffness larger in the pP v phase than in the P nma phase. Even though there are some phonon modes with negative parameter, they are not large enough to have an effect on the thermal expansion. We also report in Fig.3 the evolution of the Raman and IR modes as a function of pressure from 0 GPa to 15 GPa. After the transition, the system goes to a reduced crystallographic unit cell such as the number of modes is two times smaller in the Cmcm P pv phase than it is in the P nma phase. We note that whatever the P nma or the pP v structure, all the phonon mode frequencies harden when increasing the pressure. This is also valid for the soft B 2u polar mode of the P nma structure that hardens as the pressure increases and thus in agreement with the usual behaviour of perovskites in the presence of the AFD distortions, which are inimical to the ferroelectric distortions and are enhanced with pressure.
E. Magnetic properties of the pP v phase
Before performing the non-collinear magnetic calculations, it is useful to make a preliminary symmetry analysis in order to determine the magnetic orderings that are allowed in the pP v structure. The Cmcm space group belongs to the D 2h point group 50,51 and the Mn atoms are placed at the 4c Wyckoff position with coordinates (0,0,0) for Mn 1 , (0,0, dering (+, +, +, −) could be considered but it is unlikely to appear in real conditions because of the symmetry of the system and the superexchange interaction. For the non-collinearity we have to consider the three Cartesian directions x, y and z for each magnetic moment which gives 4×3 possible states: F x , F y , F z , A x , A y , A z , C x , C y , C z , G x , G y and G z . Then, taking into account the fact that the spins are axial vectors, one has to apply the symmetry operations of the D 2h point group on each of the non-collinear magnetic orders defined above and see how they transform. The result of this approach applied on the pP v phase of NaMnF 3 is summarised in Table V. As we can see from Table V, the F x and A x orders belong to the same character. This means that in an energy expansion with respect to these two order parameters the second order term F x · A x is invariant by symmetry. This implies that if one of the two order parameters condenses in the structure, the second one can develop as well but as a secondary or a slave order (pseudo-proper). This secondary order parameter usually appears as a spin canting in the real system and its intensity will depend on the amplitude of the F x · A x coupling. Going through the other magnetic orders, in Table V we also observe that F y , A y , C z and G z belong to the same B 2g character, F z , A z , 50, 51 The transformation of each magnetic ordering under each symmetry operation is labeled as +1 and -1, which indicates when the ordering is invariant under the related transformation (i.e. +1) or when it is reversed under the application of the symmetry operation (i.e. -1).
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Cx, Gx, 1 1 1 1 1 1 1 1 Ag C y and G y belong to the B 1g character and C x and G x belong to the A g character. Interestingly, whatever the main magnetic order we will observe in the pP v phase of NaMnF 3 , a canting of the spins is always possible. Additionally, we also remark that three of the four possible characters to which belong all the possible magnetic orders, three of them allow for ferromagnetism and so have the potential to exhibit weak FM. As discussed above, NaMnF 3 compound in the Pnma phase has a G-type AFM ordering. 41, 43, 47 In Table VI we report the computed Mn-F-Mn distances and angles of the P nma phase at room pressure and of the pP v phase at 8 GPa. We note that in the Pnma structure, the Mn-Mn bonding in the three directions have similar Mn-F-Mn angles (about 140
• ) and distances (about 4 Å) while their are much more anisotropic in the pP v phase (angles of 92
• and 134
• and one non-existent angle due to the octahedral edge sharing of the structure with distances of 2.99 Å and 3.66 Å in the x − z plane and 4.97 Å in the y direction). Having angles closer to 180
• in the P nma explains the G-type AFM ordering since with such bond angle the superexchange interaction between the Mn-d 5 spins favours an AFM alignment. [52] [53] [54] In the pP v case, we can see that there is no direct bonding between the Mn atoms along the y direction such as we can expect a weak spin coordination between the spins along the y direction and one would expect a quasi-2D magnetic behaviour in the pP v structure. In the plane perpendicular to the y direction we have two types of bonding giving rise to an angle close to 180
• along the z direction and to an angle close to 90
• along the x direction. On the top of that, we also note that the 90
• bonding along the x direction is given through two bonds since it is the direction where the octahedra share their edge. The superexchange interaction should thus drives strong FM ordering along the x axis and AFM ordering along the z axis and a weak interaction along the y axis. Interestingly, the magnetic ordering that fulfils these superexchange rules is the C-type AFM and it is indeed the lowest energy collinear magnetic ordering that we found in our calculations (see Fig.4b ). Therefore, we can only consider the set of non-collinear calculations containing the C-type AFM: (C z , F y , G z , A y ), (C y , F z , A z , G y ) and (C x , G z ) as predicted by group theory. We can also expect the C x case to be unlikely observed since it forces the spins to be antiferromagnetically aligned along the x direction while a strong FM interaction is expected from the double 90
• bond angle connecting the Mn atoms in this direction. Performing the spin relaxations within the noncollinear regime and within the C-type AFM ordering, we found that the lowest energy is obtained for the C y orientation with a large F z component along the z direction (no canting along the x axis is observed). This magnetic ground state is however dependent on the U and J values of the GGA+U exchange correlation functional. In Fig.4a we report the energy difference between the C y F z ordering and the other lowest energy cases C z F y , C z A y , and G y A z versus the U value (fixing J = 0). Here we remark that the C y F z , C z F y , C z A y , and G y A z states are very close in energy such as we can expect an easy magnetic phase transitions with small perturbations such as an applied magnetic field. Such a transition under a magnetic field has been observed experimentally in the pP v phase of NaNiF 3 where a field parallel to the y axis induces a transition to a AFM+weak-FM ground state. 18 We can see from Fig.4a that the C y F z corresponds to the lowest energy state from U = 0.0 eV to U = 5.0 eV while from U = 6.0 eV to U = 9.0 eV the C z A y is observed to be the most stable. This shows that a magnetic spin flop transition appears in the pP v phase of NaMnF 3 as function of the electronic Coulomb direct exchange U . In Fig.5 we report the evolution of the spin canting with respect to U . The amplitude of the F z canting goes from 0.01 to 1.6 µ B /atom when varying U from 0.0 to 9.0 eV. We note that the F z component strongly increase from U = 0.0 to 6.0 eV and reach a saturation value beyond U =6.0 eV. Unfortunately, no experimental data of the non-collinearity of NaMnF 3 in its pP v phase has been reported in the literature such as it is not possible to validate which U value would be the best to reproduce the spin canting amplitude. In previous studies with d 5 half filled orbitals the range of U values that have been found to treat correctly the property of the systems is around U = 4.0 eV. It is important to note that the pressure calculations performed with U = 4.0 eV in the P nma and pP v phase give the best agreement with experiments such as we will use U =4.0 eV in the rest of our analysis. Beside the U parameter, for non-collinear magnetism within the DFT+U approach it is also necessary to check the dependence with respect to the J parameter. 55 In Fig.5 we present the evolution of the spin canting versus the J parameter in the C y F z ground state of the pP v phase of NaMnF 3 with U = 4.0 eV. As we can see, the FM component F z is strongly affected by J, going from 0.95 µ B to 0.25 µ B when J goes from 0.0 to 1.0 eV respectively. Here again, it is difficult to predict what would be the best J value for NaMnF 3 without any experimental feedback. Previous studies about the DFT+U J parameter report that low J values for d 5 orbital filling are usually the best values 55 such as the large values of the F z canting we obtain at low J (close to 1 µ B /atom) in the pP v phase of NaMnF 3 would be the optimized value.
CyFz

CzAy
In order to estimate the error bar of our calculations, we report in Table VII a list of known magnetic pP v phase in oxide and fluoride perovskites with their related magnetic orderings, d orbital filling and S quantum number. We note that in all oxide cases as well as in NaNiF 3 , the ground state spin configuration always corresponds to the low spin state. According to our calculations, only NaMnF 3 has the high spin configuration as ground state. In order to verify if this is due to the DFT parameters used in our calculations or if this has a physical meaning, we performed calculations of the pP v phase of NaNiF 3 and CaRhO 3 with U =4.0 eV. We found a low spin ground state in both NaNiF 3 (S=1) and CaRhO 3 (S= 1 2 ) and so in good agreement with the experimental results. Going further, we also estimated the non-collinear spin ground state of NaNiF 3 and CaRhO 3 in their pP v phase. As expected from the symmetry analysis, we observe canted magnetic ground state in the two systems. The ground state magnetic ordering of NaNiF 3 is found to be A z with a G y canting. Then, we did not find any weak ferromagnetic spin canting in NaNiF 3 in agreement with the experimental data. We note that experimentally a transition toward an AFM state with a ferromagnetic canting is observed in the pP v phase of NaNiF 3 when applying a small magnetic field. The direction of the field induced canted FM spins in NaNiF 3 are the same than the one we report in the pP v phase of NaMnF 3 without magnetic field. This shows that the high-spin large FM canting we report in NaMnF 3 might be metastable in NaNiF 3 such as a small magnetic perturbation can switch to this state. More theoretical and experimental analysis would be welcome to understand this transition. In the case of CaRhO 3 we found C y with a F z canting as magnetic ground state.
No experimental measurements of the amplitude of the spin canting has been reported for pP v CaRhO 3 and NaNiF 3 but we found that when considering the cases with ferromagnetic spin canting, the canting angle is much smaller in CaRhO 3 (4.3
• ) and in NaNiF 3 (4.7
• ) than it is in NaMnF 3 (11.7
• , see Table VIII ). If we look at the amplitude of the canting per atom we observe a very large amplitude for NaMnF 3 (0.95 µ B /atom) due to the high spin configuration while it is much smaller in the case of NaNiF 3 (0.12 µ B /atom) and of CaRhO 3 (0.05 µ B /atom). This large canting can be the result of a rather large Dzyaloshinsky-Moriya interaction 56, 57 or a large single-ion anisotropy 58 and more detailed analysis would be required in order to identify the exact origin of this large spin canting. These calculations allow us to be more confident about the unique high spin ground state of NaMnF 3 with a large ferromagnetic spin canting in its pP v phase.
We also report in Fig.6 the local density of states (LDOS) of the pP v phase of NaMnF 3 . The LDOS shows an overlap between the Mn-3d and F-2p states, suggest- ing a covalent contribution between the Mn and F atoms due to the p − d hybridization, which is a fundamental requirement for the superexchange interaction. Moreover, we observe that the fluorine states are lower in energy then the Mn-d orbitals, which corresponds to the expected bonding-antibonding picture of covalency between magnetic cations and anions. Close to the Fermi level, no contribution of Na states to the DOS is observed such as mostly Na size effects are expected within the structure, a key-point parameter that is at the origin of the geometric ferroelectric instabilities observed in cubic fluoroperovskites. 19 The d xy , d xz , d yz , d z 2 and d x 2 −y 2 orbital occupancy gives the 5 orbitals filled below the Fermi level for a spin channel and the 5 orbitals empty above of the Fermi level for the other spin channel, which confirms the high spin electronic configuration of Mn 2+ in the pP v phase of NaMnF 3 . 
Conclusions
We have studied by means of first-principles calculations the high pressure phase diagram of NaMnF 3 . We predicted a phase transition from the P nma distorted perovskite to a Cmcm post-perovskite phase at a critical pressure of 8 GPa which is relatively low with respect to the similar phase transition observed in other compounds. As proposed by O'Keeffe 45 this phase transition fits very well with the octahedra tilting angle requirements where the transition to the pP v is observed when the octahedra tilting angle reach the critical value of 25
• with an initial ambient pressure tilting angle of 15
• . Unfortunately high pressure experiments have been performed at very high temperature by Akaogi et. al. 44 where the O'Keeffe requirement is not fulfilled and also by Katrusiak et. al. 47 who unfortunately did not go beyond 5 GPa such as none of them observed the pP v transition. Because of the partially filled d orbitals of Mn 2+ cation we also determined the magnetic ground state of NaMnF 3 in its pP v phase. Our calculations predicted a high spin ground state of the d 5 spins with a magnetic moment of 5µ B on each Mn. This high spin structure is particularly interesting and unique since all the other known magnetic compounds presenting the pP v phase present a low spin ground state. We predicted an AFM magnetic ordering ground state of the C type with the spins lying along the y direction and with a surprisingly large ferromagnetic spin canting along the z direction. This makes NaMnF 3 of particular interest for fundamental and geophysical studies since it has this unique property of high spin magnetic ground state with potentially large ferromagnetic spin canting and because it can be synthesized at relatively small pressure. The fact that the fluoride postperovskites can be maintained when the pressure is released makes NaMnF 3 even more interesting to study. We hope that our results will motivate the experimentalist to carry out more studies of NaMnF 3 in order to confirm the pP v phase transition at low pressure and low temperature and to check its potential for high spin structure with a sizeable canted ferromagnetism.
